Abstract
Introduction
To facilitate intrinsic feedback and to develop a robust internal movement representation, the guidance hypothesis suggests giving feedback not on every trial. With a lower feedback frequency, reliance on the feedback is prevented, and thus, motor tasks can be successfully executed even when feedback is withdrawn [1] . The guidance hypothesis seems to be valid for simple motor tasks, but not necessarily for complex motor tasks. For complex tasks, especially in early learning stages, it might be helpful to provide feedback often to prevent excessive demand [2] . Thereby, a main challenge is to find an optimal feedback frequency for certain motor tasks at specific skill levels. Different adaptations of feedback frequency to the increasing skill level have been proposed. Fading feedback reduces the feedback frequency over time, and has been shown to be effective [3] . However, the optimal fading rate is commonly unknown. Feedback reduction follows a rigid schedule and might, therefore, not be optimal for each individual. Bandwidth feedback is provided if the movement error exceeds (or is within) a certain threshold. Thereby, setting the error threshold is not trivial [4] . Self-controlled feedback allows the learner to choose the trials about which feedback should be provided. Advantages of selfcontrolled feedback are seen in the adaptation to the learner s needs, in that it allows a focus on the current aspect the learner wants to correct, in the promotion of deeper information processing, and in the involvement of the learner in the learning process resulting in an increased motivation [5] .
Self-controlled feedback has been proven to be more effective than externally imposed feedback in ball throwing [6, 7] , timing tasks [8, 9] , and a motor perception task [10] . However, self-controlled feedback per se cannot be the only reason for better learning, as Chiviacowsky and Wulf [9] have shown: Participants that had to decide prior to the trial if they want to receive terminal feedback were outperformed by participants that could decide after the trial. It seems that feedback is most effective if it is provided after good trials, due to enhanced motivation and positive reinforcement to repeat good trials [11] . Indeed, selfcontrolled terminal feedback tends to be requested after [8, 9] . Currently, studies have rarely reported on complex motor learning enhanced by self-controlled feedback. In particular, it remains unclear if learners of complex tasks request feedback mainly after good trials.
Therefore, the goal of the present work was to evaluate when naïve learners request terminal visual feedback in a complex motor task. It was hypothesized that learning was facilitated when learners request feedback mainly after good trials than after trials of intermediate or bad performance.
Method

Participants
Nine healthy participants (3 females, 6 males, 24 to 30 years, mean age 27.4 years) took part in the study. They declared themselves to be non-rowers and to have normal vision. They signed an agreement that followed the guidelines of the local ethics commission, which had approved the experiment.
Apparatus and task
During the experiment, the participant was seated in a real but trimmed rowing boat, set up in the middle of a CAVE (Cave Automated Virtual Environment). Reflective markers were attached to a trimmed sweep rowing oar to track the movement with an optoelectrical motion tracking system (Qualisys, Goteborg, Sweden). The kinematic data was used for later analysis and to render a virtual elongation of the real oar in real-time (update rate: ~62.5 Hz) on a 4.44 m × 3.33 m screen on the right hand side of the participant (Fig. 1) .
The participant moved the sweep rowing oar with both hands and arms, but without moving the legs. During the whole study, the participant only felt the inertia of the oar moving freely through the air. Water resistance was not simulated.
The rowing-type reference oar movement included three oar angles (horizontal range of outer hand movement: 25° 0.50 m; vertical range: 13° 0.26 m; blade rotation at two orientations from steep to flat and vice versa: 90°). To increase task complexity, a rowing-type angular velocity profile was applied. The angular velocity in the pulling (drive) phase was double the velocity in the pushing (recovery) phase. One cycle lasted 6 s.
Procedure
Each participant was invited on four consecutive days (days 1-4) and one week after day 4, i.e. day 11. On day 1, after a general instruction, participants familiarized themselves with the simulator. Therefore, they were asked to match during 120 s their brown oar blade with the blue reference oar blade performing a circular movement with constant velocity. The cycle had a similar range as the reference trajectory and lasted 8 s. Thereafter, the reference movement was visually displayed for 60 s. Participants were asked to memorize a blue oar moving on the reference trajectory. Thereafter, they had to perform that movement with their own oar in a 180 s baseline test
Fig. 1 Rowing boat with virtual oar blade and exemplary terminal feedback visualization
during which the reference oar was not displayed. After this baseline test, three trainings lasting on average 180 s were conducted, each followed by 30 s of catch trials. Days 2 and 3 started with a retention test, similar to the baseline test on day 1. After the retention test, three trainings with self-controlled terminal visual feedback followed, as on day 1. The durations of the three consecutive trainings varied (150 s, 180 s, or 210 s) to avoid estimation when catch trials would start. Participants were verbally informed about the start of the catch trials, whereas the participants did not interrupt the movement. During catch trials, no feedback could be requested. On day 4 and 11, a 180 s retention test was performed.
Visual self-controlled feedback
During the trainings, participants could request for feedback anytime they had completed at least three cycles, but not during catch trials. The feedback was displayed about 10s after the request on the screen exactly at the position where the virtual oar blade was moved before. The feedback showed the reference trajectory together with trajectory of the last 18 s, which is the period of 3 reference cycles. Blade rotations were indicated by the symbols (rotated to steep blade) and (rotated to flat blade) (Fig. 1, detail) . Moreover, to provide feedback about the desired velocities, a replay of the own movement and the reference movement was shown. Reference by abstract symbols, moving along the trajectories at the velocities as performed. Symbols changed every time the blades were rotated ( ). The reference started its movement closest to the starting replay position. After the replay, the participant could watch the trajectories for maximally 10 s. The feedback visualization was programmed in Matlab (MathWorks, Natick, Massachusetts, USA). 
Data analysis
Kinematic data was analyzed in Matlab. Data was low pass filtered by fitting a smoothing spline to it. The first cycle and last two cycles of the baseline and retention runs were ignored as well as the first cycle of the training block, cycles shorter than 3 s or longer than 9 s, and cycles with missing data caused by tracking errors.
Movements of the participants were compared to the reference movement. Data was cut into cycles at the minimal horizontal angle (release), as participants usually stopped the movement right afterwards. The horizontal and vertical angles were used for a spatial and temporal analysis of the trajectory [12] . In the algorithm, compared respecting their spatial and temporal properties to calculate spatial and temporal errors.
In baseline and retention tests trajectories were often shifted related to the absolute position of the reference. Relative errors were of more interest than shift errors. Thus, before calculating the relative errors, each trajectory was moved to the position where the spatial error was minimal. In trainings, when participants had an absolute reference trajectory given by the terminal feedback, the absolute spatial and temporal error was used.
To calculate timing errors of blade rotations, each completed cycle was taken as 100%. The difference the reference cycle were calculated in percent.
Training runs were divided into blocks. A block ended with the feedback request of the participant.
in respect of an error variable, i.e. spatial, temporal, and timing error of blade rotation, if the error was in lower quartile of all it was in the upper quartile intermediate f it was in between. For each error variable, the relative improvement from baseline to the retention tests on day 4 and 11 was calculated. It was proven if the improvement was correlated with the percentage of taking feedback after good, intermediate, or bad cycles (Pearson, p = .05).
To asses learning, statistical analysis was done with the data of the baseline and retention tests by a Friedman test with post-hoc Bonferroni correction (p = .05) by multiple comparison.
Results
Significant differences (p < .05) from baseline to each of the retention tests on day 2, 3, 4, and 11 were found for the spatial error. No significant differences were found for the temporal error between baseline and any retention test. For timing error of blade rotation, the baseline test differed significantly to the retention tests of day 3, 4, and 11, but not of day 2. Retention tests did not differ significantly from each other for all three error variables, i.e. spatial, temporal, and blade rotation error. In general, errors decreased from day 1 to day 4, and slightly increased from day 4 to 11.
Concerning the spatial error, feedback was taken after a cycle of good performance in 20% (mean of all participants), after intermediate performance in 48%, and after bad performance in 32%. For the temporal error it was 26% after good, 41% after intermediate, and 33% after cycles of bad performance. For blade rotation it was 22% after good, 45% after intermediate, and 33% after bad timing. Visual inspection of all cycles in a block did not reveal any preferences of taking feedback after specific cycles (Fig. 2) .Five participants reported to have tried to take feedback after good cycles, two more often after good but also after bad cycles, one after bad cycles, and one did not comment his strategy.
Only one out of 18 correlations was significant: Higher number of feedback requests after bad cycles correlated with performance increases from baseline to the retention test on day 11 (R 2 = 0.90). For all other correlations were not significant (R 2 < 0.44).
Discussion and conclusions
One goal of the study was to test the hypothesis that participants learn better if feedback is taken after good trials (cycles) rather than after bad trials. However, taking feedback after good, bad, or intermediate trials did not correlate with enhanced learning. Another goal was to elaborate when self-controlled feedback is
The International Conference SKILLS 2011 00084-p. 3 mainly taken in complex motor task learning. It was hypothesized that feedback is requested after good trials, as done in simpler motor tasks [6, 7, 8, 9, 10] . The results of the present study suggest that feedback is not generally taken after good trials, but rather randomly. Interestingly, seven of nine participants reported to intend to take feedback dominantly after good trials.
One reason of the discrepancy reports and the kinematic analysis could be that selfestimation of the performance was too difficult for the task in this study. Thus, even though they wanted to take feedback after good trials, they were not able to estimate their performance correctly. Referring to a general definition of task complexity [2] , the rowingtype movement was rather complex as it had several degrees of freedom, i.e. three oar angles and a complex velocity profile; and it could not be learned in a single training. The tasks had high demands on short-term memory, motor planning and control, and long-term memory of the multi-joint body-arm movement. The results show that participants errors were significantly lower after one training day concerning the spatial error and after two days concerning timing of blade rotation. They could not significantly decrease the temporal error until the end of all trainings. This might be because in the terminal feedback in form of a replay, temporal errors were more difficult to perceive than spatial errors. Overall, the movement can be assumed to be rather complex.
Another reason can be, as many participants reported, that they focused on certain aspects of the movement rather than on the overall movement. Thus, indeed, they could have taken feedback after good performance regarding the specific aspect, but the calculated errors could still have been high, as they resulted from whole cycle analysis.
Moreover, some participants reported that not only the last, but the last two or three cycles prior to the request must have been good to decide to take feedback. A more detailed assessment of the is necessary to improve the analysis and gain more specific results.
Outlook
In complex tasks, self-estimation might be too difficult to detect good trials. However, self-estimation has been declared to be important for learning [13, 14] . In further studies, it should be evaluated how task complexity affects self-estimation. Moreover, it should be investigated if externally imposed feedback after good trials is more effective than self-controlled feedback, which promotes self-estimation. Finally, it would be interesting to compare self-controlled terminal feedback to other types of feedback, e.g. concurrent feedback provided in different modalities, to figure out which type of feedback facilitates learning of complex motor tasks best.
